rOCDMEHI EESDME 



ED 135 592 



SE 021 583 



AUIHOB 
TIHE 

INSIITUTION 
FOB DATE 
NOTE 



AVAILABLE FEOM 



EDflS PfilCE 
DESCEIPTOitS 



IDENTIFIEBS 



Zdravkovichr V* i 
Organic chemistry Self Instructional Package 12: 
Alkynes* 

Prince George's Community Coll., Largo, Md, 
76 

43p,; Eor related Packages 1-17, see SE 021 572-588; 
Not available in hard copy due to copyright 
restrictions 

Prince George's Community College Bookstora, largo, 
Maryland 20870 ($17,00 a set, $1,00 ea.) 

Wf-$0,83 Plus Postage, HC Not Available from EDES. 
*Autc instructional Aids; ^Chemistry ; ^College 
Science; Higher Education; ^Independent Study; 
^Individualized Instruction; Individualized Programs; 
♦Organic Chemistry; Science Education; Self Help 
Programs 

Alkynes; Prince Georges Community Collisge 



AESIEACT 

This booklet, one of a series of 17 developed at 
Prince George's Community College, Largo, Maryland, provides an 
individuali2ed, self-paced undergraduate organic chemistry 
instruction module designed to augment any course in organic 
chemistry but particularly thos4 taught using the te:xt "Organic 
Chemistry" by Morrison and Boyd, The entire series of modules covers 
the first 13 chapters of the Morrison-Boyd text in great detail. Each 
module has been provided with from one to three audiotapes, available 
from Prince George's Community College, to provide students 
additional ejcplanaticns of particular concepts. Each module includes 
a self-evaluation exercise, a reference guide, worksheets to be 
completed with the audiotapes, answer sheets for the worksheets, a 
progress evaluation, an answer sheet for the progress evaluation, an 
answer sheet for the self -evaluation exercise, an introduction to the 
topic covered by the module, and student performance objectives for 
the module. The topic of this module is alkynes, (SL) 
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Self Instructional Package No, 12 



ALKYNES 



Introduction 



In this module you will learn about the preparation and behavior 
of a colorless gas that boils at 84^. It used to be used as an illu- 
minant. It is used in torches since it burns with an intense white 
flame when mixed with the proper amount of air. About half of this 
gas consumed in the United States is used for the welding, cutting and 
cleaning of iron and steel by means of a flame which has a temperature 
in the neighborhood of 2800'', Its great importance is for the prepara- 
tion of acetaldehyde CH3CHO, acrylonitrile H2C = CHCN, tetrachloro 
ethane and many other organic compounds. 

Do you know what this gas is? 

Do you know how to prepare acetaldehyde, tetcachloro alkane or 
acrylonitrile from it? 

The answers iio these questions can be found in this self instruc- 
tional package. 
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ALKYNES 

D efinitions 

Tlie student will be able to define, explain and illustrate with appro- 
priate examples the following terms: STRONGER ACID, WEAKER ACID, KETO-ENOL 
TAUTOMERISM, KETONE, ENOL, TAUTOMERS , Sp HYBRIDIZATION, TRIPLE BOND. 

Pr eparations 

The student will be able to identify the necessary reagents and to 
write the reactions for the preparation of alkynes from dihalo and tetrahalo 
derivatives of alkanes. 

The student will be able to write the preparation of larger alkynes 
from acetylene. 

The student will be able to write all the .steps in the commercial prepa- 
ration of acetylene from coal and limestone. 

Reactions 

The student will be able to write the balanced reactions for the addi- 
tion of hydrogen, halogen, hydrogen halide and water in acidic medium to an 
aikyne. 

The student will be able to write the final products obtained in the 
ozonolysis of an aikyne. 

The student will be able to identify the original aikyne from the products 
obtained in the ozonolysis reaction. 

The student will be able to write the balanced reactions for the reaction 
of terminal alkynes with Na, Li, K, Na"*", Li"*", Cu"*"(NH3)2 NO3 and Ag + (NH3)3C1. 

The student will be able to identify the stronger and the weaker acid from 
a given reaction. 

The student will be able to write a correct reaction showing the relative 
acidity of the species. 

The student will know the relative acidity of acetylene as compared to 
that of water, ammonia, alcohol. 

The student will be able to show and explain the difference in the reaction 
of sodium acetylide with a primary and a tertiary halide. 



SIP No. ,12 

Form A - Set: of Objectives 



Reaction mechanism 

The student will be able to write the mechanism and draw the resonance 
structures involved in the reaction of an alkyne with water in acidic medium. 

The student will be able to write a tentative mechanism showing the 
difference in the reaction of sodium acetylide with a primary and a tertiary 
alkylhalide. 

Multi-step synthetic schemes 

The student will be able to devise a multi-step synthetic scheme for the 
synthesis of an alkyne from ethane or any other small alkane. 

The student will be able to identify ail the reagents in a given multi- 
step synthetic scheme. 

The student will be able to identify the intermediate compounds formed 
in a given multi-step synthetic scheme. 
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ALKYNES 



Identify the statements below as true or false by placing a capital T 
or F In the space provided. 

1. Methyl ethyl acetylene has a higher boiling point than diethyl 

acetylene. 

2. Acetylene is commercially obtained from calcium carbide. 

3. Aluminum carbide can be used as a source for the commercial 

preparation of acetylene. 

4. A reaction of sodium acetylide with tertiary alkyj. halide 

results in elimination and formation of an alkene. 

5. The triple bonded carbon in an alkyne is Sp hybridized. 

6. Hydrogen attached to the triple bond is more acidic than the- 

hydrogen in water molecule. 

7. Carbon-carbon triple bond is shorter than the carbon-carbon 

double bond. 

8. Carbon-carbon triple bond is stronger than the carbon-carbon 

double bond. 

9. Greater s character of an atomic orbitol means that electrons 

are closer to the nucleus. 

10. Keto form or keto tautomer is more acidic than the enol form 

or the enol tantomer. 

11. Tautomers are compounds whose structures differ markedly in 

arrangement of atoms, but which exist in equilibrium. 

Circle the correct answer or answers in each question. 

12. The major product in the reaction of 1-propyne with water in presence 
of acid is: 

a) acetaldehyde CH^-CH^-CH 

3 2 II 

0 

0 

n 

b) acetone CH3-C-CH3 

7 
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SIP No. 12 

Form B - Self KvaluaLlon ICxorcise 

12. c) 2-pro[n-no.l ClI;f:C-Cll3 

OH 

d) 1-propenol CHsiCII-CH^ 

OH 

13. The major product or products in the reaction of sodiumacetylide 
with 2-chloro-2-methyl propane is: 

a) 3 , 3-dimethyl-l-bu tyne 

b) acetylene 

c) Isobutene 

d) 4-me thy 1-1-pen tyne 

14. The correct statements made on the basis of the reaction below are: 

HC=C- Na+ + C H OH >HC= CH + C H O^Na^ 

6 5 6 5 

a) Phenol (CgH^OH) is stronger acid than acetylene 

b) Phenol is weaker acid than acetylene 

c) Phenol acts as hydrogen donor 

d) Acetylene displaces phenol from the salt 
15. Identify the reactions that will take place. 

a) NH^ + HCSC-Na+ > Na+NH2 + HCsCH 

b) NaOH + HC=CH ^Na"^ C^CH + H2O 

c) C2H5OH + HC=CT^a+ ? HC=CH + NaOC2H5 * 

d) HC=C-Na+ + H2O >HC=CH + Na OH 

8 
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The correct resurumce Htructiires Cor the Intermediate species In 
i thu keto-onol tautomerism cire: 

a) R-C""-C ^ 0 

\ I 

b) K-C = OO*" 

I I 

c) R-OC = 0' 



d) R-C " C^-'O 

17. The major product in the reaction of 1-propyne with excess hydrogen 
bromide is : 

a) I, 2-dibromopropane 

b) 1 , 1-dibromopropane 

c) 2 , 2-dibromopropane 

d) 2-bromopropene 

18. The major product in the reaction of 2-butyne with bromine in CCl^ 
solution is: 

a) 2 , 3-dibromo-2-butene 

b) 2,2,3, 3-tetrabromobutane 

c) 1,1,1, 3-tetr achloro-2-methyl-2-butene 

d) 1 ,1 ,1, 3-tetrachloro--2-methyl butane 

19. Identify compound B thati s produced in the multi-step synthesis 




below: 



acetylene 



Na , NH^ propylchloride 
4 > 




^ B 




0 



b) CH'C -CH^-CH -CH 
3 2 2 3 
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Form H - Self Kvaluatlon Kxcrclac 



OH 

19. c) CH » Cll - GIU-CH, 



'2 ""3 



22. 



tl) CH-CH2-CH2-CH2 



20. Identify the alkyne that will yield the following products upon 
ozono lysis : 

I I 3 

CH3-CH— COOH CH3-CH~CH2""COOH 

a) 2-methyl-3"-heptyne 

b) 2 , 5-dimethyl-3-heptyne 

c) 2 , 6-dime thyl-3-hep tyne 

d) 2 , 4-dime thyl-2-pentyne 

21. Identify reactant A in the multi-step synthetic scheme below: 

^^^"^ ^^>^"3. propylchloride excess HBr Br 
A > > ^ CH3-C-CH2-CH2-CH3 

Br 

a) ethane 

b) 1 ,1-dichloropropane 

c) 1 , 2-dichloroethane 

d) pentyne 

The reagents that can be used for the synthesis of 1-propyne from 
1, 2-dibromopropane are: 

a) potassium hydroxide KOH 

b) , potassium tertiary butoxide (0113)3 

c) sodamide NaNH2 

d) potassium ^roxide and sodamide 



10 
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2L Tho major productH in the reaction of l-pentyne with n-huly lma«uealum- 
hromUli' (GrlKnarcl compound) are: 

a) Cll^ ai2 CH^ ClLj 

l>) (MI.jClK/ni^CIl^ CHC Cli2 Cll^ CII^ 

c) CII CII CM Cll CSC Cll Cll CH M 13r 

d) CII3CII2CII2CHC MgBr 
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iWli InMinii'i tonal ISickuK*- No. 12 



ALKYNKS 



Thv \Wtvti'\wv ahouhl be uHtuI In conjunction with Form B or t;hu 

Si.Mf Kvaluatlon MxirrclHo. Thu rt^fercncuB Klve t\w coirri?Uuion between 
the qucrUionn in Vom B nnd ttie nvaiiabic material in the textbook hnd 
In ihv ft>rm of tapoM* 



Question 1 

QuoHtlonw 2» 3 

Quentions 13 

QucHtions 5, 7> 8, 9 



Chapter 8, Section A 
Chapter 8, Section 5 
Chapter 8, Section 12 
Chapter 8, Section 2 



Questions 6, lA, 15, 19, 21, 23 Chapter 8, Section 10 

Que,stionH 10. 11, 12, 16, 19 Chapter 8, Section 13 

Questions 17, 18, 21 Chapter 8, Sections 7, 8 

Quewtion 22 Chapter 8, Section 6 



Morrison & Boyd 
Organic Chemi«cry 



Additional explanation and examples for all questions are provided in Tape 1 
with the accompanying work sheet and answer sheet. 



EKLC 



12 
11 



Self Instructional Package No* 12 
Tape 1 - Work Sheet 



ALKYNES 

Example No> 1 

HC^CH CH2H2 acetylene or ethyne 

HCSC-CH3 ^3^4 methylacetylene or propyne 

HCHC-CH2 CH3 C^Hg ethylacetylene or 1-butyne 

H3C-CHC-CH3 C^Hg dimethylacetylene or 2-butyne 

HCSC-CH2-CH2-CH2 C^Hg propylacetylene or 1-pentyne 

K3C~C = C-CH2-CH3 C5H3 methylethylacetylene or 2-pentyne 



^n^2n-2 



^n^2n+2 
C 

n 2n 



^n^2n-2 
Example No. 2 



general formula for alkynes 

Alkanes functional group: C-C 
Alkenes functional group: C = C 
Alkynes functional group: C = C 



H 
I 



H 



H 



sp3 hybridization 

^ = 109.5° 

C atom possesses 

four equivalent SP^ 
"TiyFrid A£).'s 



H H 

\ / 

C=C ■ 

/ \ 

H H 
sp2 hybridization 
oC 120° 

each C atom possesses 
three equivalent SP^ 

hybrid AD.'s and one 

P orbital 



H-C^C-H 



hybridization 



each C atom possesses 
two equivalent SP 

hybrid AD.'s and two 

P orbitals 
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SIP No. 12 

Tape 1 - Work Sheet 



Example No. 3 - Hybridization in CH^, ^2^^^ and C2H2 

Methane CH^ ^Ethylene C2Hg Acetylene C2H2 

Ground state configuration of the carbon atom 

® ® ®©o I 

Is 2s 2p I 

Promotion of one electron fi!om 2s to 2 p A.O. i 

® r(D''"(D©®F f®'®®^! ® r® ®®® 

' ' I ^ • =■ 

Is 2s 2p ^ Is 2s 2p I Is 2s 2p 

Mixing - hybridization of atomic orbitals 



® 0®©© I® ®®® ®i® ®® ®® 

Is Sp3 hybrid AO's | Is Sp2 hybrid p AO ' Is Sp hybrid Py P AO 

I AO's I AO's ^ 

Example No. 4 - Structure and shape of acetylene 




H-C ^ bond In acetylene results from the overlap of 3 A.O. from H and 
sp hybrid AO from carbon 

C-C bond in acetylene results from the overlap of sp hybrid AP. from one 
carbon and sp hybrid A£). from the other carbon 

The two C-C ^ bonds ia acetylene results from the overlap of the two p A.O.'s 
from one carbon an.° the two p A.O.'s from the other carbon 
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Tape I - Work Sheet 



Example No. 5 

^ _ ^ \ ^ _ 

I 

198 kcal/mble 163 kcal/mole 88 kcal/mole 

St rengch : C = C > C=:C > C— C 
Length ; C = C < C=C ^1 C— C 

Example No. 6 - Preparations of alkynes 
1. Dehalogenation 

XX 

I I heat 
-C C— + zn > -CSC- + ZnX^ 

X X 

vicinal tetrahalide 



Dehydrahalogenation _ • 

Na NH^ or 

^ KOH, ale ^ K QCCCHjjj 

C- ^ C=:C 

I > / (not KOH) 

H H H 

vicinal dihalide vinyl halide 

Substitution 

— CSC" Na + RX > -CSC-R 

1° alkylhalide 
or 

2° alkylhalide 

. not 
3° alkyhalide 



^ — C = C 
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Example No* 7 - Conunercial preparations of acetylene 
I. coal — f^coke (c) 

heat 

limestone (CaCO^) ^ caO 

2000°C 

CaO + 3 C > CaC^ + CO 

CaC2 + 2H^0 ^ HC=CH + Ca(OH) 

2 2 
calcium carbide 

very high temperature 
2CH^ < ^ C^H^ + 3H^ - 95.5 kcal/mole 



^Vs + I2H2O > 3 CH^ +4 A1(0H)3) 

Aluminum carbide 
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SIP No. 12 

Tape 1 - Work Sheet 

Example No^ 8^ - Redact logs of Alkynes 



X 
1 

^ R-C- C-H 

Halogenation \ 

X 



X X 



^ R-C-C- 



1 \ 

X X 



HX 



X H 



^Hydrohalogenation^ ^ C -C-H HX ^ 



X H 
R-C-C-H 

X H 



R-C ^C-H 



Addition 
Reactions 



Na, or Li, NH^ j| ^ / 
^ ^ 



Reac tior 
of the 

triple bAiid\ hydrogenation 



trans 
/ C=C\ alkene 

V 

\ Na,Pt 



Na,.Li,NH3 



C-C- 
I I 



.H^.Pt.Pd or Ni 



Alkane 



c=c 
/ \ 

H H 

cis 
alkene 




ERIC 



OH 

-> R-C=C- 
H2S0^, HgSO^ H 



Hydration 



Keto-Enol 
Tautomerism 



0 H 

II I 

R-C-C- 

I 

H 



)2ono lysis and other oxidation reactions R-COOH HOOC-H 



carboxylic acids 



Na ^ R~C = C Na + 1/2 H. 



Li ^ R-CSC Li^ + 1/2 H 
Na"^^ R-C = C''Na'*" + 



Alkali metal 
2 f acetylides 



Reactions 
of the ter- , ^ 
minal hydrogert y Ag (NH^)^^ R-CSC Ag + 



(^^hh > R-C SC^Cu"^ + H+] 



Heavy metal 
acetylides 
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Example No . 9 - Hydration and Keto-Enol Tautomerism 

0 H 

H2SO4, HgS04 OH II I 

R-C=C-H + H^O R-C=iC-H > R-C-C-H 



H 



H 



Vinyl alcohol Keto-Form 
or 

Enol Form (^C = 0 = carbonyl group) 

(en=double bond) 
(ol=OH group • ) . 

Tautomers 

Enol form Keto form 

stronger acid (0-H bond in enol is weaker than the C-H bond in ketone) weaker 

acid 

abbreviated: 

OfH*: 0 H 

11 II I 

R~C=:C-H z > R-C-C-H 

I ^ I 

H H 



Assignment No. 1 

Assign the lUPAC names and the derived names to all the isomeric alkynes of 
formula C^H^q. Draw their structure and the structures of the ozono lysis 
products expected from each alkyne. 
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Tape 1 - Work Sheet 



Assignment No . 2 

Identify i.e. draw the structures and name the products in the following 
reactions: 

a) 2-pentyne H2,Ni ^ 



b). 2-pentyne ^^^>^^3 ^ 



c) 3-methyl-l-butyne ^^2^^ ^2^^4^ ^°^^4 



n u excess HCl 
d) l-butyne ^ 



0 2-pentyne excess Br2, CCl^ 



f) 3-methyl-l-butyne ^2>^^ ^ 



AssigniTient No. 3 

This assignment requires careful thinking but it is by no means beyond 
your abilities. Outline all steps in the conversion of a mixture of 
trans-2-hexene and cis-2-hexene into essentially pure cis--2-hexene . 
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SIP No. 12 
Tape 1 - Work Sheet 

Assignment: No. 4 

Write all the steps and all the resonance structures involved in a reaction 
of propyne with water in presence of sulfuric acid and mercuric sulfate. 




Example No. 10 - Reactions of terminal alkynes as acids 



General Reactions of acids: 



^ HA + Me > Me+ A- + 1/2 

or ' Acid Salt 



HA + Me"^ ^ Me'^A"' + 

I. R-CSC-H + Me > R-C C" Me+ + 1/2 

Alkali metal Salt-metal acetylide 



Examples ; 



1) R-CSC-H + Na • > R"C=C" Na"^ + 1/2 H2 

sodium acetylide 

2) R-C=C~H + Li > R-CSC^Li"*" + 1/2 H, 



2 



3) R-C22C-H + K R-Csac" K"^ + 1/2 H 



II. R-C^-H + Me"^ R-C=C"* Me"^ + H"^ 



Alkali metal ions 
or 

heavy metal ions 
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Tapo 1 - Work liheef 

ether 

R-CSC-H + Nii+ NH" > R-C=C~ l^a'^ + H+ (NH ) 

^2 3 

sodamlde 



5) K-C=C-H + Cu(NH ) ^ R-C=C Cu"^ + H"^ 

3 2 



6) R^C-C-H + Ag+ . ^ R-C^- Ag+ + 



Example No . 11 - Relative acidities of different compounds 



H-A + Me"^ B" ^. Me"^ A" + HB 

stronger acid weaker acid 

A stronger acid has the cibility to displace a weaker acid from salts. 

Comparison of the relative acidity of HC=CH, H2O, C2H5OH and NH ^ 



JF acetylene is a stronger acid than H2O, C2H^0H, and NH^ the following 
reactions will take place. 



1) HCSCH + NaOH HC^"" Nat + HOH 

stronger acid salt salt weaker acid 



2) HCSCH + Na"^ 0 C^H^ > HC^C Na"^ + C^H^OH 

stronger acid sodium ethoxide sodiumacetylide weaker acid 



3) HC^H + Na"^ NH2 > HC^tc" Na"^ + NH3 

acetylene sodamide sodium acetylide weaker acid 



21 
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Example No. 11 (continued) 



Reactions 1 and 2 do NOT take place indicating that acetylene is a weaker, 
stronger (circle one) acid than HO and C H^OH. 

2 2 5 



Acidity ; 



H 0 ? C H OH > HC=CH > NH 
2 2 5 -^3 



Example No. 12 



H O + Na"^ OC^H^ NaOH + C H OH 

I 2 5 2 5 

Water is weaker, stronger (circle one) acid than alcohol. 



Assignment No. 5 

In the reactions below identify the stronger and the weaker acid, 
a) Ca + H^O >^Ca(0H)2 + HC:sCH 



b) CgHg OH + NaOH > c H 0 Na"^ + HO 

6 5 2 



c) Na-^C3S.CH + C6H5OH >HC=CH + CgHsO Na*^ 



Assignment No. 6 

From the reactions below select the ones that will actually take place. Use 
the table in which compounds are written in the order of decreasing acidity. 



CH3COOH acetic acid max acidity 

^^^^^k P-chloro phenol 

CgH^OH phenol 

R-OH alcohol 
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Assigrunent Mo. 6 (continued) 



KCSCH 



RU 



water 

acetylene 

ammonia 

hydrocarbon 



min. acidity 



a) CH^COO }t + H^O 



-> CH^COOH + KOH 
3 



b) C h + CH CH C=C Mg Br >C H Mg Br + CH CH C=CH 

26 32 25 32 



:) \l.O + Na NH. 



Na OH + NH, 



d) CgHjO Na + CH3COOH ^CgHgOH + CH3COO Na 

e) HCSfCH + CH^ CH^ CH^ MgBr >HC=C MgBr + CH^ CH^ CH^ 



f) HC=CH + Na"^ OCH 



-> CH^ OH + HCSC Na"^ 



Assignment No. 7 

Complete the reactions below. Identify the major products and the byproducts. 



i-pen tyne 
^-hexyne 



Cu(NH3)^ CI 



Ag('NH3)^N03 



3-butyne 



Li, NH3 



ace tylene 
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Assignment No. 7 (continued) 



1-propyne Ag'^(NH3)2 ^^3 



2-propyne Na, NH^ 



Example No. 13 

Na 

RC=CH > RC=c""Na 

RC=c"Na'^ + X ' > RC^R-^ + NaX 

Nucleophilic substitution - Sn reaction - primary halide 

I It - 

-c— c— > -c-c- + :x: 

/II It 



Rc=c * 



H R-C^C 



acetylide anion substitutes the halide anion in the V RX. Attack is on 
C atom. 



Elimination - tertiary halide 



\ :x; ' 

— p— > -C=C- + HCSC-R + ;x: 

f j ' 

"■■■C=C-R 



acetylide anion abstracts the hydrogen from a 3° RX. Attack is on H atom. 

24 
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Assignment: No. 8 



Compare the reaction of sodium propyde with n-butyl bromide and tertiary 
butyl bromide. Name all the products and draw their structure. 



Assignment No. 9 

Identify all steps in a multi-step laboratory synthesis of the following 
compounds from acetylene. 

ci) 1-butyne 



b) 2-me thyl-3-hexyne 



c) 2-pentyne 



d) diisopropyl acetylene 



e) trans-2-butene 



2o 
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Tape 1 - Work Sheet 

Assignment No. 9 (continued) 



f) 2,2-dlchlora propane 



0 
>» 

g) acetone CH -C-CH 
3 3 



Assignment, No. 10 

Identify the reagents in the following reactions: 

a) acetylene ■> sodium acetylide >5^methyl-l-hexyne 

b) 2,3-dichloro pentane ^ 2-pentyne 

c) 2, 2, 3, 3-te trachloro butane — 2-butyne 

Assignment No. 11 

Write all the steps in the multi-step laboratory synthesis of: 
a) cis-2-pentene from ethane 



b) CH -CH -C-CH (2-butanone) from propane 

3 2 ti 3 
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Assignment Nn. 10 



ethane 



Br2,hv KOH 



E ^sopropylchlorlde 



Cu (NH^)^ci 




H 



^ I methyl chloride 



~> J 



Na ,NH, 



^ L + jj 



0, H2S0^, HgSO, 



•i" N 
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ALKYNES 



Assignment No* 1 

1. CHSC-CH2-CH2-CH2-CH3 • >HCOOH + CH3-CH2-CH2- CH2--COOH 

1- hexyne 

03,H 0 

2. CH3-CSC-CH2-CH2-CH3 5> CH3 COOH + CH3'^H2-CH2-C00H 

2- hexyne 

0 ,H 0 

3. CH -CH "C=C-CH "CH ^— ? ^ V CH-CH-COOH 

i I 2 J q/u^ 3 2 

3- hexyne 

CH3 0 ,H 0 CH3 

4. CH3-CH— CSC-CH^ ^ — ^ ^ CH3-CH— COOH + CH3COOH 

4- methyl-2-pentyne 

f"3 0 H2O 

5. CH^-CH—CH^-CSCH > CH^-CH— CH^-COOH + HCOOH 

4-methyl-l-pentyne 

0 .H 0 

6. CH=C-CH— CH2-CH2 — - — ^ HCOOH + CH^ CH^ CH(CH^)COOH 

3-methyl-l-pentyne 
CH^ 

I 3 03,H20 

7. CH^-C— C=CH ^ CH3 C(CH3)2COOH + HCOOH 

CH^ 



3 , 3-dime thy 1-1-butyne 
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Assignment: No. 2 

Ni V / ' ^ 

a) 2-pentyne -> C=.C 

/ \ 

H H cis-2-pentene 



Na,NH3 CH CH^ 

b) 2-pentyne . ^ c=C 

/ A 

CH^ H trans-2-pentene 



CHo 

H^O, H2SO,, H SO, I 
c) 3-methyl-l-butyne — ^> CH3-C-CH— CH3 

0 



3-me thyl-2-bu tanone 



excess HCl gi 

d ) 1-bu tyne -> CH„-C--CH^-CH^ 

3 I 2 3 
CI 

2, 2-dibromobutane 



excess Br , CCl Br Br 

e) 2-pentyne > CH.-C~C— CH^-CH^ 

J I I 2 J 

Br Br 

2,2,3, 3- tetrabromopentane 



H , Pt H2,Pt 
f) 3-methyl-l-butyne > CH2=- CH-CH—CH^ > CH3-CH2-CH— CH^ 

3-methyl-l-butene 3-methyl butane 
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Assignment: No> 3 



Step 1 - A mixture is brominated. An optically inactive mixture of 
2,3-clibromo hexane is obtained. 



Step 2 - Elimination with KOH and NaNH2, 2-hexyne is produced, 



Step 3 - Reaction of 2-hexyne with hydrogen in presence of nickel 
(cis addition) yields cis-2-hexene. 



CH 



CH2-CH2-CH3. 



\ / 

CrrC 

/ \ 

H H 



cis and trans-2-hexene 



CHo H 

\ / 

c=c 

/ \ 



Br2,CCl^ KOH NaNH2 H2,Ni 




CH3 /™2^"2^"3 



c=c 

/ \ 

H H 



Assignment No. 4 



cis-2-hexene 



CH -C=CH 



H^O, H«SO, , H SO, 



OH 

-> CH^-t = CH2 



0 

W _ 
CH^—C — 



CH^-C =: CH2 CH2-C-CH2 



C H 2 — C '"•~^C H 2 



0 
II 

CH3-C-CH3 <- 



acetone 
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Assignment No. 5 



stronger acid 

a) water 

b) phenol, CgH^OH 

c) phenol, CgH^OH 
Assignment No. 6 



weaker acid 
acetylene 
water 
acetylene 



Reactions that will actually take place are: 

c, d, e. In these reactions a stronger acid displaces a weaker acid. 
Assignment No. 7 

Cu(NH3)2Cl 

1-pentyne > CH3CH2CH2 C=C"Cu+ + nH^"*" + Cl" 



2-hexyne 



cuprous pentyde 



Ag(NH3)2NO, 



-«> No Reaction 



1-butyne 



acetylene 



Li, NH3 



Li """esc CH2CH3 



lithium butyde 



+ 1/2 Ho t 



Na"*" NH. 



Na+ CS5CH + NH^ 
sodium acetylide 



1-propyne 



2-propyne 



Ag+CNH^)^ NO^ 

^ > Ag+ CSCH-CH^ + Nh/ + NO," 

3 4 3 



silver propyde 



Na,NH^ 



■> N. R. 
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Assignment No. 8 

Na*^ CSC-CH^ -f CH^-CH^-CH^-CH^-Br — ^CH^-CH^-CH^-CH^-CSC-CH^ 

2-heptyne 

Mechanism: 



\ Br / H 

ltCr^CH^-CH<^-CH^ > H-C-CH^-CHp-CH-. + Br" 

/ I I 

/ „ CH-j-C^C 

^V^^" CH, CH, 

CH^-C^C Na^ + CH^-C— CH^ >CH3-C«CH + CH2=C— CH^ + Na Br 

Br 



Possible Mechanism: 



H-C-yC^H J» H-C=C— CH3 + CH3-Ca=CH + Br" 

..-•■■ff^ CH3 CH^ 

propyne 

C ~ C =C 

Assisnment: No. 9 

Na, NH3 ethylchloride 

a) nCm:H > Na C^c CH3-CH2-C3aCH 

Na,NH~ isopropylchloride CH3 Na,NH 

b) HC=CH ^ Na CSCH > CH^-CH— C=CH — 

*f"3 ethylchloride ^"3 
CH^-CH— CatC-CH^-CH^ CH^-CH— C =c" Na* 
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Assignment No. 9 (continued) 
Na.NHg 

c) HCSCH >-Na''"C=CH 



CH3Br 



Na.NH 



-> gH3C=CH 



3 - + 

^ CH CSC Na 

3 



CH3-CSC-CH2-CH3 



Na,NH^ isopropylbromide Na,NH« isopr opylbromid< 
d) ^ ► Na,NH > 



OR: 



excess Na,NHo 
HC=CH ► Na"*"C SC"Na 



CH --CH— CSC-CH— CH 



excess isopropylbromide 



Na,NH^ CH^ Br Na,NH^ CH^ Br 
e) HC=€H ^ ► ' 



> ' > CH3--C=C-CH3 



Na ,NH^ 



CH3^ ^H 
/=C, 

CH, 



Na,NH3 CH3 CI 
f) HCS'CH > 



> CH3-C=CH 



excess HCl CI 
►CH3- 

^ CI 



> CH^-C— CH^ 



Na.NH^ CH^ Br 



H 0,H SO,,H SO. 



g) HC=CH ^ — ^ — 9 CH3-CECH — — - — S — i 



■> CH3-C = CH2 



1' 



OH 



CH^-C-CH^ 
3 II 3 
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Assignment: No. 10 



a) acetylene 



Na,NH« 



l-chloro-3-methylbutane 



-y sodium acetylide 



5~methyl-l~hexyne 



b) 2 , 3-dichloropentane 



KOH,NaNH. 



2~pentyne 



Zn 



c) 2 , 2 , 3 , 3- te trachlorobu tane 



2~butyne 



Assignment No. 11 



. Br2,hv 

CH CH > CH -CH Br 

3 3 3 2 



KOH 



CH =r CH 

2 2 



Br^jCCl^ KOH, NaNH2 



CH -CH 
I 2 I 2 

Br Br 



Na,NH3 

HCSICH ^ Na+ C=CH 



CH3 Br 



Na,NH3 

CH CHCH > CH3C = C Na+ 



C2H5CI 



CHo CH«""CHo 

c=c 

/ \ 

H H 



H^.Ni 



CH^ C ^sC*"CH2""CH^ 



Br ,hv KOH Br ,CC1 

b) CH -CH -CH = ^CH -CH— CH ^ CH -CH = CH — = %CH -CH-CH -Br 

323 ^Br^ ^ ^ " 



H20,H2SO^,H SO^ 



CH^Cl 



CH^C—C-CH^^ CH^-CSC Na ^ 



. Na,NH 

r^,t . 3 



KOH 
NaNH. 



CH2-C=CH 



CH^-C =CH-CH^ 
^ OH 



-> CH^-C-CH^-CH^ 
3 g 2 3 
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Asalgnment No> 12 

Br2,hv KOH Br2,CCl. 

CiyCll^ ^ ^"3""^"2 ^ ^^2^^^2 ^ ?^2"?"2 

Br Br 



KOH,NaNH« NbjNH^ Isopropylchloride , 
C ^ HC=CH ^ Na+ C SCH > CH -CH-CSCH 



Cu'*"(NH3)2 Cr 




CH3 

Cu*" C SC-CH— CH3 G 



excess HBr ^r CH3 
> CH^-C— CH— CH« 



Br 



Na,NH2 



> Na+C 3C-CH— CH 



CH3 CH3CI 



CH^ 



-> CH^-CSC-C— CH^ 
3 3 



Na ,NH. 



'CH^ ' H 

\ / 

c=c 



03,H20 Zn 



HCOOH + CH^-CH— COOH 



M 



H2O, H2SO4, HgSO^ CH3 



> CH3-g-CH-CH3 
6 



/ \ ^CH, 



CH, 



K 



ERIC 
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A - bromoe thane 

B - ethylene 

C - 1, 2-dibromoe thane 

D - acetylene 

E - sodium acetylide 

F - 3-methyl-l-butyrle 

G - cuproup salt of 3-methyl-l-butyne (cuprous alkyde) 

H - 2,2-dibromo-3-methyl-butane 

I - sodium alkyde 

J - 4-methyl-2-pentyne 

K - trans-4-methyl-2-pentyne 

(L - formic acid) 



(M - 



isobutanoic acid or 




(N - 



3-methyl-2-butanone) 
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ALKYNES 



Identify the statements below as true or false by placing a capital 
T or F in the space provided. 



Dissociation of the OH bond and the hydrogen shift is the 
essential part of the keto-enol tantomerism. 



2. Electrons of the C-H bond in acetylene are held more closely 

by the carbon nucleus than the electrons of the C-H bond in 
an alkane. 

3. Addition of water to an alkyne follows the Markovnikov rule. 

4. Addition of hydrogen is presence of paladium is a trans 

addition. 

5. Hydrogen in acetylene is more acidic than the hydrogen in 

ammonia . 

6. 2-pentyne has higher boiling point than 1-hexyne. 

7. Carbon-carbon bond in ethylene is stronger than the carbon- 
carbon bond in acetylene. 

8. The shape of the acetylene molecule is flat with angles of 

120^ 

9. Reaction of a tertiary alkylhalide with sodium acetylide 

results in the elimination reaction. 

10. Calcium carbide is the major source for the commercial prepara- 

tion of acetylene. 



Circle the correct answer or answers in the questions below. 

11. Identify the major product obtained in the following reaction: 

Na, NH^ l-chloro-3-inethyl butane Cu"^ (NH2)2NO^ 
acetylene • > : > > 

CH3 



a) CH^-CH— CH2-CH2-CSC-NO3 
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CH 

11. b) CH2-CSC Cu 

CH3 

c) CH3-CH2-CH— CH2-C3C NO3 

d) CH3-CH— •CH2-CH2-CSC. Cu 

12. The reagents that can be used to convert acetylene into 2-methyl 
hexane are: 

a) Na, NH3; methylchloride; Na, NH3; isopropyl bromide; H2, Ft 

b) Na, NH^; l-bromo-3~methyl butane; H2 , Ni 

c) Na, NH^; l-bromo-2~methyl butane; H2, Pd 

d) Na, NH^; methylbroraide; Na, NH^; isobutylbromide ; Na, NH^ 

13. Reagents required to produce cis 2-pentene from 2-pentyne are: 

a) H2, Pt 

b) . H^, Ni 

c) Na, NH3 

d) Li, NH3 

14. Reagents required to produce 1-propyne from 1 , 1, 2,2-tetrachloro- 
propane are: 

a) KOH, NaNH2 

b) KOH, (CH^)^ CO-K+ 

c) NaNH2 
H) Zn 
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15. Wtit'ii 5-met.hyi-2-liiixyni! ia Hubjocted to ozonolvBla the following 
products am obtained: 



a) ClI^ COOIl CH3-CII— CHj-COOlI 

CII3 

b) c:H3-cn»0 CH3-CH-- Cll2-CH-0 

c) CII3-COOH CH3-CH2-CH--COOU 

d) CM -CHO CM -CH -CH— CHO 

^ CH3 

16. Identify product B in the following reaction synthesis: 



Na, NH3 isobutylbromide Na, NH3 CH3Br Br2,CCl^ 
acetylene ^ ^ > > B 

a) 2,2,3,3-tetr3bronio-5-methyl hexane 

b) 3, 3-dibromo-5-methyl hexane 

c) l,l,l,3-tetrachloro-2,3-dibromo-2,5-dimethyl hexane 

d) l,l,l,3-tetrachloro-2,5-dimethyl hexane 

17. The compound obtained in the reaction of 1-butyne with water in 
acidic medium and in presence of HgSO^ is: 

OH 

a) CH3-fcH-CH2-CH3 



2" 

b) = CH-CH2-CH3 



c) CH-CH„-CHo-CH- 
W 2 2 3 



d) CH--C-CH„-CH, 
J U ^ J 

0 



ERIC 



39 

38 



SIP N(i. U! 



18. Tho major pruduutrJ tn thu reaction of l-propyne with l«opropyl- 
muHneH lumbromltlo (Grlgnard compound) aro: 



a) CH3-CH~C SC-CII2-CH3 
h) CII3CH2CII.3 



c) CH3-CSC"^gBr 

d) CH3-CH~C 

19. 'FliC major product or products in the reaction of sodium propyde with 
2-chlorobutanc is : 

a ) A-methy 1-2-hexyne 

b) propync 

c) 1-butene 

d) 2~butene 

20. The correct statements about the reaction below are: 

CH20Na+ + CgHjOH > CgH^O^Na"*" + CH^OH 

a) methanol CH3OH is stronger acid than phenol C6H5OH 

b) phenol donates hydrogen to sodium methoxide CH30"Na^ 

c) phenol is stronger acid than methanol 

d) methanol displaces phenol from the salt 

21. Identify the reactions that will take place: 

a) CH3OH + NaOH > CH^O'^Na"*" + 

b) CH3OH -f HCSC^Na*^ > CHgO^-Na*^ + HCSCH 
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21. c) NaNH2 + > NH^ + NaOH 

d) NaOH + HC=CH— >-H„0 + N3''"C=CH 



ERIC 
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ALKYNES 



1. 


F 


12. 


b 




2. 


T 


13. 


b, 


c 


3. 


F 


14. 


a. 


c 


4. 


T 


15. 


c , 


d 


5 . 


T 


16. 


a. 


b, d 


6. 


F 


17. 


c 




7. 


T 


18. 


b 




8. 


T 


19. 


b 




9. 


T 


20. 


c 




10. 


F 


21. 


c 




11. 


T 


22. 


b. 


c, d 



ERIC 
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ALKYNES 



1. 


T ;■ 


11. 


d 




2. 


T 


12. 


b. 


d 


3. 


T 


13. 


a. 


b 


4. 


F 


14. 


d 




5. 


T 


15. 


a 




6. 


F 


16. 


a 




7. 


F 


17. 


d 




8. 


P 


18. 


b. 


c 


9. 


T 


19. 


b. 


d 


10. 


T 


20. 


b, 


c 
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